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Physical fitness is defined as a set of attributes that people have or achieve that relate to the ability to perform physical activities. 1 A key component of health-related physical fitness is cardiorespiratory fitness, which is the most widely studied fitness measure in relation to mortality risk. Many studies have shown that cardiorespiratory fitness is inversely related to risk of cardiovascular and all-cause mortality, 2 and significantly improves risk prediction of cardiovascular mortality beyond that of conventional risk factors routinely obtained in primary care such as blood pressure, smoking, cholesterol, diabetes, and age. 3 Nevertheless, routine assessment of cardiorespiratory fitness in clinical or general practice is rare because it is time consuming and requires special equipment and staff training. Considering these resource requirements, it is often not feasible to conduct cardiorespiratory fitness evaluation using an exercise protocol. Therefore, it is necessary to explore other fitness measurement methods that are more cost-effective and easier to administer. In this issue of the journal, Yates et al. published a study based on the UK Biobank prospective observational study of >420 000 middleaged men and women free of cardiovascular disease and cancer at baseline. 4 The study investigated the association of self-reported walking speed and maximal isometric handgrip strength with mortality risk. These two simple measures of physical fitness were also examined in relation to measured cardiorespiratory fitness. In a subsample of UK Biobank participants who took part in a 6-min graded submaximal fitness test to estimate maximal oxygen uptake (mL O 2 / min/kg body mass), Yates et al. found that self-reported walking speed was strongly related to maximal oxygen uptake in both men and women. A weaker relationship was observed for handgrip strength (kg) assessed with a dynamometer. The authors compared mortality risk between groups of participants who reported their usual walking pace as: (i) slow pace; (ii) steady/average pace; and (iii) brisk pace. The participants were between 38.9 and 73.7 years of age at study entry and the authors tracked mortality status for a median of 6.3 years. Male and female participants reporting a slow walking pace had a 67% [95% confidence interval (CI) 51-85%] and 58% (95% CI 39-79%) greater risk of all-cause mortality, respectively, compared with participants reporting a brisk walking pace, adjusting for sociodemographic factors, lifestyle factors including frequency of walking and moderate or vigorous physical activity, and body mass index (BMI). Additionally, men and women who reported slow walking showed an 2-fold increase in cardiovascular mortality risk compared with those who reported brisk walking. These results remained robust after additional adjustment for handgrip strength and excluding deaths occurring during the first 24 months of followup. Interestingly, the relationship between walking pace and mortality was modified by BMI, with the strongest relationship in the lowest tertile of BMI (mean of 22.1 kg/m 2 in men and 23.7 kg/m 2 in women in the lowest tertile). The authors suggested that these findings could be explained by malnutrition and sarcopenia in individuals with low BMIs, and therefore self-reported walking pace might be able to differentiate between healthy and unhealthy BMIs. However, these results may also be a consequence of reverse causation because some participants with low BMIs reported slow walking pace due to subclinical disease or illness. Another possible explanation for the stronger relationship in the lowest BMI tertile could be residual confounding by smoking, since previous studies have reported that nonsmokers have a considerably higher cardiorespiratory fitness level than smokers. 5 This may also explain the significantly greater cancer mortality risk in slow pace walkers compared with brisk walkers that the authors consistently observed among men and women in the lowest BMI tertile-a relationship that was absent when the authors did not stratify by BMI. Another important health-related physical fitness measure is muscular strength. The UK Biobank participants also had the maximal isometric handgrip strength of their left and right hand assessed. This strength measure is easily obtained and previously has been shown to be moderately correlated with other strength measures such as maximal isometric strength in the trunk, back, knee extensors, and elbow flexors.
6 Surprisingly, Yates et al. 4 found less consistent evidence of the association between handgrip strength and mortality risk. The authors found a modestly higher risk of all-cause mortality of 13% (95% CI 4-24%) in women and 19% (95% CI 11-28%) in men when comparing participants in the lowest (mean strength of 17.2 kg in women and 30.6 kg in men) with the highest tertile (mean strength of 30.4 kg in women and 49.3 kg in men) of handgrip strength in multivariable adjusted analyses. However, these associations were no longer significant in women when additionally adjusting for usual walking pace and excluding deaths during the first 24 months of follow-up.
Handgrip strength was not associated with cardiovascular mortality in women, but in men the lowest tertile of grip strength had a 44% (95% CI 23-68%) higher risk of cardiovascular mortality, which was only slightly attenuated after additional adjustments. Surprisingly, lower handgrip strength was associated with lower risk of cancer mortality in men. This finding has also been reported for incidence of unspecified cancer in a recent large-scale study among men and women in the Prospective Urban-Rural Epidemiology study 7 with a similar age at baseline to the UK Biobank participants. The evidence of the association of handgrip strength with all-cause mortality risk was previously quantitatively summarized in a metaanalysis published by Cooper et al. in 2010. 8 The majority of the studies in the meta-analysis focused on elderly populations, in which handgrip strength may represent frailty, functionality, nutritional status, or subclinical disease, and may therefore represent a different exposure compared with a middle-aged population free of major chronic disease. To update quantitatively the evidence of a relationship of handgrip strength to all-cause mortality risk among middleaged adults at baseline, we extracted results from the analysis of Cooper et al. 8 restricted to middle-aged men and women and updated the meta-analysis with the UK Biobank data from Yates et al. and other studies which we located in an updated search in PubMed. Based on data available from eight cohort studies 4,7,9-14 including >580 806 middle-aged participants and 18 460 deaths, we estimated a 9% (95% CI 5-14%) increase in all-cause mortality risk per 5 kg reduction in handgrip strength (Figure 1) . Thus, based on the overall evidence, we find that lower handgrip strength is related to higher risk of mortality from all causes in middle-aged adults. None of the studies scaled handgrip strength to body size (e.g. body weight or fat free mass) based on ratio scaling, allometric scaling, or regression- While the associations of self-reported walking speed or handgrip strength with mortality risk appear to be robust and consistent, the measures may not improve risk prediction of cardiovascular or allcause mortality beyond that of conventional risk factors. Recently, the American Heart Association published a scientific statement that endorses cardiorespiratory fitness measurement in routine clinical practice as an optimal approach for cardiovascular risk stratification. 15 The studies supporting this recommendation utilized cardiovascular fitness exercise testing, which is typically not practical to conduct in clinical settings. Alternative simple and feasible measures of physical fitness need to be evaluated for their prognostic value when added to traditional risk scores such as the European cardiovascular risk disease assessment model (SCORE). Such analyses could have been valuable also to explore in the UK Biobank study to gain further insight into the possible value of self-reported walking pace in risk prediction in clinical and general practice among middleaged adults. Furthermore, more detailed analyses are warranted to determine the validity of the self-reported walking pace question used in the UK Biobank study to discriminate between low, moderate, and high cardiorespiratory fitness levels and other components for health-related physical fitness. In the meantime, there is a need to evaluate effective strategies to improve physical fitness in both healthy individuals and patients.
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